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To all upho? ?? ??? concern. : 
- Be it known that I, FRANK A. FAHREN 
wALD, a citizen of the United States, ?????? at Cleveland, in the county of Cuyahoga an 
State of Ohio, have invented certain new and 
useful Improvements in and Relating to 
Composition of Matter for Platinum Sub 
stitute in Chemical Apparatus and Other 
Uses and Methods of Making Same, of which 
the following is a specification. 

This invention relates to an improved com 
position of matter produced to form a sub 
stitute for platinum and for certain alloys 
of platinum which are even rarer and more 
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expensive than platinum itself. In the field 
of dentistry, alone, tremendous amounts of . 
platinum (estimated at fully one-third of 
the annual world supply) are used up and, 
by the very nature of the case, irrevocably 
lost. Spark points and terminal devices for 
electric appliances employ even more than 
dentistry, and the greater part of this is lost. 
Chemical and philosophical instruments and 
jewelry utilize most of the remainder, and 
while the platinum devoted to these uses is 
not generalv lost, yet its wide distribution 
renders it unavailable. The great increase 
in the use of platinum which has occurred 
during the last few years by reason of an 
unprecedented increase in the use of sparking 
appliances (as in explosion engine ignition, 
X-ray machines, high tension appliances, 
wireless telegraph installations, and the like) 
has so enlarged the use of platinum that its 
price has increased to a point which renders 
it almost prohibitive. 

For several years I have experimented for 
the purpose of finding a suitable substitute 
for platinum in each of these uses, though 
not at first with the expectation that any 
single metal or alloy would fulfill the re 
quirements of these three diverging classifi 
cations; and while I have in fact discovered 
a substitute for platinum as to each of the 
categories above mentioned in the alloys of 
a single metal, and in a certain peculiar treat 
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position of matter would fulfill the require 
ments of all, and in fact different composi 
tions and proportions are found to be de 
sirable for the different uses even though 
a single basic metal be present in each, where 
fore the inventions from this aspect are sepa 
rate and independent. 
The objects of my invention may therefore 

be stated under the following heads: 
Dentistry, 

Platinum is used in dentistry in the form 
of foil, rods, wires, and sheets for bridges, 
plates, crowns, and pins for which purposes 
its high melting point, pliability, chemical 
resistance, and ease of soldering it render it 
invaluable. Stiffness is imparted to it by 
alloying with iridium or the like. As to 
dental applications my object has been to 
produce an alloy of a smaller cost having 
equal pliability, chemical resistance and ease 
of soldering, combined with a sufficiently 
high melting point for the purpose stated; 
Such a material II have found in the alloys 
of palladium with gold or silverin the proper 
proportion, especially when subjected to a 
certain treatment or manipulation hereafter 
described. . . So far as dental uses are con 
cerned, the alloys of palladium with gold surpass those of palladium withsilyer'in the 
same way that gold surpasses silver, al 
though the presence of palladium affords to 
the gold a certain hardness and rigidity and 
to the silver a certain chemical inertness 
which materially improves each for the pur 
pose in view, provided with a true and ho 
mogeneous solid - solution condition be se 
cured. 

Sparke points and electrical, contaets. 
It has been the usual practice heretofore 

to provide a contact device for a spark point 
in electrical apparatus of the better sort with 
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a terminal facing or cap of platinum in 
order to insure that such facing or cap will 
remain clean, smooth, and unaffected by 
electrical sparks which may be formed be 
tween such terminal facings, and will simul- 10C 
taneously resist melting, oxidation, or other 
chemical action by reason- of the high tem 
perature to which it is sometimes subjected. 
The constant hammering or vibration to 

ment or mianipulation of Such alloys, so that 
from this aspect the entire discovery may be 
considered as one invention; yet on the other 50 hand the divergence in the requirements of 
these three classifications rendered it uncer tain except by experiment that any one com 
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which devices of this nature are ordinarily 
subjected tends to deface and deform the 
same seriously, particularly at high tem 
peratures, wherefore it has sometimes been 
the practice to alloy a certain percentage of 
iridium with the platinum in order to aug 
ment its hardness and extend the permis 
sible temperature range. In certain of the 
cheaper varieties of electrical apparatus 
silver terminals have sometimes been used, 
but pure silver is not well suited to this use 
owing to its physical softness, its low melt 
ing point, and its high vapor tension which 
renders arcing very easy and very objec 
tionable. 
I have found that if palladium be alloyed 

with the silver, and particularly if the alloys 
so produced be subjected to certain treat 
ments hereinafter described, the resulting 
material has important advantages over any 
other spark point material heretofore known 
excepting the most expensive substances. 
When these two ingredients are uniformly 
combined together in a homogeneous, solid 
Solution alloy, the effect of the palladium is 
to increase the hardness and elevate the melt 
ing point and decrease the vapor tension to 
such an extent that the objectionable quali 
ties of silver are entirely overcome and spark 
points of great permanence and reliability 
are secured. The excellence of the ma 
terial depends to a considerable extent upon 
the proportion of palladium employed, an 
alloy containing from twenty per cent to 
forty per cent of palladium ordinarilyyield 
ing the greatest amount of satisfaction in 
comparison to the price paid; although the 
obtaining of this alloy in a homogeneous, 
Solid-solution is fully as important and con 
siderably more difficult than the propor 
tioning. - w 

An alloy of palladium and gold, when 
Subjected to the same manipulations, is even 
more permanent and satisfactory, although 
the additional advantages secured do not, 
always perhaps, compensate for the in 
creased cost when applied to this use, at 
least under ordinary conditions of use. 
Chemical ware, philosophical purposes and 

jeuvelry. 
Platinum is used with these arts in the 

form of foil, wire, dishes, crucibles, plates, 
bars, etc., and its most important qualities 
are its permanence, its high melting point, 
and its chemical resistivity. I have dis 
covered that an alloy of palladium with 
gold in the proper proportions and sub 
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jected to a suitable manipulation whereby 
homogeneity is secured, possesses a melting 
point and a chemical resistivity and a per 
manence almost if not quite equal to plati 
num itself; and that alloys of palladium 
with silver, when similarly treated, can be 
employed for philosophical purposes and 
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jewelry in practically all instances, and for 
chemical ware in some instances where the 
requirements of resistivity and infusibility 
are not too exacting. 

The invention generally. 
In the drawings accompanying and form 

ing a part of this application I have illus 
trated graphically certain of the purposes 
and peculiarities of the alloys mentioned. In 
these drawings, Fig. 1 represents the ther 
mal-equilibrium diagram of the gold-pal 
ladium series, and Fig. 2 a similar diagram. 
of the silver-palladium series; Fig. 3 illus 
trates the hardness curve for the gold 
palladium series and Fig. 4 a similar curve 
for the silver-palladium series; Fig. 5 illus 
trates the conductivity (thermal and electri 
cal) of the gold-palladium series, and Fig. 
6 the conductivity curves of the silver-pal 
ladium series; Fig. 7 represents a photo 
micrograph section showing the normal seg 
regation of palladium from its alloys with 
gold or silver; Fig. 8 represents a photo 
micrograph section of any alloy of these 
metals after the performance of my m 
proved process thereon; Fig. 9 illustrates a 
bridge for dental use constructed of my im 
proved gold-palladium alloy, the same being 
one example of a dental use; Fig. 10 illus 
trates a pair of spark points constructed of 
my improved silver-palladium alloy; Fig. 11 
illustrates a chemical utensil of my improved 
material: Fig. 12 illustrates a ring made of 
a pair of intertwined members formed, re 
spectively, of my improved gold-palladium. 
and silver-palladium alloys, being one ex 
ample of a use in jewelry; and Fig.13 shows 
an individual tooth complete with cup and 
pIn. 

Referring first to Figs. 3 and 4, it will be 
seen that the hardness of the alloy is greater 
in each case than the hardness of either con 
stituent, being a maximum substantially at 
the time that the two metals are present in 
equal atomic proportions. Referring to 
Figs. 5 and 6 it will be seen that the con 
ductivity of the alloy is in each case much 
less than the conductivity of either of its 
component metals, the curve showing a very 
decided slope at each end, indicating a Sud 
den increase of resistance caused by the ad 
mixture of a Small amount of the other 
metal. 

Reference to Figs. 1 and 2 will indicate 
that the fusing points of neither alloy is 
very clearly defined, the two curves A and B 
indicating the solidus and liquidus i condi 
tions, respectively, between which the fusion 
in incomplete, one of the ingredients being 
softened and the other not materially af. 
fected. The range between these conditions 
is comparatively Small, and in every case the 
melting point of each ingredient is decidedly 
increased by the presence of the other in 
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there is some actual combination between 
the two metals in the form of an intersolu 
tion. - 

However Fig. 4, which is a photomicro 
graph section of an alloy of approximately 
palladium forty per cent and silver sixty per 
cent, indicates exactly the condition which 
the separation of these lines would lead to 
be expected, namely that while passing 
through the range from liquidus to solidus 
the palladium solidified rather in advance. 
of the silver so that the alloy consists of a 
mass of nucleated crystals, their centers con sisting of comparatively pure palladium 
merging through varying degrees of alloy 
to a condition of comparatively pure silver 
at the margins of the crystals. The closeness 
between the solidus and liquidus curves in 
dicates that neither the nucleus nor the mar 
gin of the crystal consists of pure metal, each 
being alloyed to some extent with the 
other; although inspection indicates the same thing which experience verifies, namely that 
Spark points or other devices made from an 
alloy in the condition shown in Fig. 4 will 
represent a lower grade of alloy than its ac 
tual composition would indicate, since the 
Segregation of the palladium tends by this 
extent to destroy its usefulness. Thus spark 
points or other devices made from alloys in 
this condition will promptly become etched 
and irregularly attacked, the nuclear por 
tions of the crystals being affected in slight 
degree if at all, the remainder of the crystal 
showing deep pitting. 

I have discovered that if any alloy of nu 
cleated crystals as illustrated in Fig. 4 be 
subjected for a considerable period of time 
to a uniform elevated temperature less than 
the point of fusion of the less refractory 
metals the nuclei will become absorbed in the 
Crystals and disappear and an alloy of homo 
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geneous uniform composition will result. If 
this heat treatment be continued for a suf 
ficiently long time the composition of each 
crystal may be made entirely homogeneous, 
although a crystalline structure will still re 
main; and while I do not guarantee the 
truth of the theory, but rather base my 
claims upon the facts observed, yet the ap 
pearance is as though the greater freedom 
of movement and kinetic energy possessed 
by the molecules of the two metals at an in 
creased temperature caused or permitted 
those molecules to interpenetrate and be 
come bound up with each other in a homo 
geneous solid solution even though the tem 
perature be maintained constantly as less 
than the fusing point of either ingredient. 
This, view is corroborated by the fact that 
the same homogeneity can be secured either. 
by heating for a short time at an elevated temperature or for alonger time at a lower 
temperature; and while there may be a mini 
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mum temperature below which no rearrange 
ment takes place within any length of time 
I have not definitely established this fact 
since its exact determination is a very slow 
matter because of the interrelatiton of the 
time and temperature factors. At a tem 
perature near the melting point of the more 
fusible homogeneous constituent this dif. 
fusion will take place in a few minutes: in 
fact at any temperature above 800° C. a half 
hour is generally sufficient for the treatment. 
At a temperature of 500° C. to 600° C. this 
diffusion will take place in the course of a 
few days, depending upon the percentage 
composition, crystal size, etc. At room tem 
peratures the absorption is so slow as not to 
be detectable and perhaps is entirely ar 
rested in the case of the alloy specifically 
described herein; although in the case of 
other metals this nuclear absorption will be 
come observable at lower or higher tempera 
tures depending upon the melting points, 
relative atomic sizes, and percentage com 
positions of the metals. 
The segregation herein mentioned is ob 

servable as a rule only in the case of metals 
which possess considerably different melt 
ing points and considerably different atomic 
volumes. Thus palladium when alloyed 
with silver or gold in a proportion of more 
than about ten per cent of palladium begins 
to show this nucleation very clearly; the 
melting point and atomic volume of palla 
dium are the higher. When alloyed with 
platinum the nucleation is less apparent; 
while gold, silver, and copper can be fused 
together in any desired proportion without 
any appearance of nucleation, these metals 
having very similar melting points and 
atomic volumes. 
The percentage composition also deter 

mines the amount of nucleation to some ex 
tent and, to a less degree, the difficulty of 
diffusion. Below five per cent of palladium 
I have never observed segregation, and be 
low ten per cent of palladium nucleation is 
rare and seldom harmful. Above ten per 
cent nucleation rapidly increases so that a 
true homogeneous, solid solution alloy of 
palladium with either gold or silver is im 
probable without precautions for diffusion. While Fig. 7 is primarily a representation 
of the condition which occurs in alloying 
palladium with silver, a similar condition 
occurs in alloying palladium with gold and 
is curable by identically the same thing. 
Whichever elements be used and in whatever 
proportion, I prefer to cool the alloy from 
the molten state in a rather rapid manner, 
as by casting into ingots in a chilled mold, 
from the fact that the resulting crystals are 
of smaller and more uniform size and the 
degree of nucleation is not so great. Fur 

75 

80 

85 

90 

95 

00 

05 

I0 

15 

120 

125 

thermore the diffusion of these nuclei is more 
easily affected by reason of the larger initial 130 
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distribution of the palladium. It will be 
understood that the heat treatment above de 
scribed has no effect (or at least no intended 
effect) upon the size, shape or location of the 
crystals themselves, but merely gives rise to 
a rearrangement and uniform distribution 
of the substances contained within the con 
fines of the separate crystals. A slow cool 
ing of the alloy through the liquidus condi 
tion frequently gives rise to a very gigantic 
crystal growth with equally pronounced nu 
cleation which is overcome only with much greater difficulty. 
The advantages of my improved alloy for 

dental use and the requirements of the same 
have already been pointed out; it will be 
clear that the maximum advantage will be 
obtained only when the ingredients are uni 

20 

25 

section and comparatively short depth as 
30 

35 

40 

45 

50 

55 

60 

65 

silver (either by weight or by volume). 
sides if the proportion of palladium be in-. 

formly diffused scattered throughout the en 
tire mass, since otherwise the excellence of 
the material will be determined by the con 
dition of its poorest region. 
For use inspark points and other electri 

cal contacts, while it is true that the thermal 
and electrical conductivity of the alloy are 
somewhat less than that of either metal, still 
by making the spark points of wide cross 
shown in Fig. 6, sufficient conductivity can 
be secured for any possible use, besides which 
the conductivity of this alloy compares 
favorably with that of platinum or plati 
num-iridium. For ordinary uses an alloy 
containing twenty per cent (20%) of palla 
dium and eightly per cent (80%) of silver 
is entirely satisfactory, when the palladium 
has been distributed uniformly throughout 
the mass by heat treatment as above de 
Scribed, and for such heat treatment I recom 
ment first chilling the alloy and then reheat 
ing for not less than about one-half hour to 
a temperature of not less than about 800° C. 
The cost of this alloy at present prices of ma 
terials would be less than $5.00 per cubic 
centimeter as against gold at $12.50 per cubic 
centimeter and platinum at about $75.00 
per cubic centimeter. I do not advocate the 
use of an alloy for this purpose containing 
less than twenty per cent of palladium, but 
in case a harder and more resistant material 
be desired the percentage of palladium can 
be up to a maximum of fifty per cent at 
which the cost of the alloy per cubic centi 
meter will be approximately $10.00 which 
is still far less than that of platinum. Ref 
erence to the drawings will show that an in 
crease above this point will produce no ad 
vantage commensurate with the increased 
cost of the alloy, since palladium at the pres 
ent state of the market is worth approxi 
mately one hundred times the ???hSºf 

e 

creased above this point, the hardness and 
mechanical strength of the alloy decreases. 
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If a more resistant material is required 
than is produced by an alloy of equal parts 
of palladium and silver, I recommend the 
employment of a suitable palladium-gold 
alloy or the replacement by gold of a part 
of the silver in the alloy described herein. 
For example an alloy of equal parts of palla 
dium and silver will cost approximately 
$10.00 per cubic centimeter and melt at ap 
proximately 1300° C. The same melting 
point can be secured with an alloy consist 
ing approximately of gold eighty atomic 
per cent, palladium twenty atomic per cent 
(approximately equivalent to Au 88., Pd 12 
by weight) at a cost of approximately $14.00 
per cubic centimeter. . 
In the practical uses shown in the draw 

ings, Fig. 9 illustrates a bridge for dental 
work, 1-1 representing anchorages and 2 
a bar connecting the same, both made of one 
of the alloys herein described, and carrying 
the artificial teeth 3-3. 
In Fig. 13, 4 represents a single artificial 

tooth secured in a socket or base 5 of my 
improved alloy, and 6 represents a pin 
which may be made entirely of the same or 
may be of some baser metal and coated with 
this alloy. 

Fig. 10 illustrates a pair of spark points, 
wherein 7-7 represent the carrying de 
vices, which may be either rigid or flexible, 
and 8–8 represent the terminals, which are 
made of my improved alloy. 

Fig. 9 illustrates a dish or crucible for 
chemical use, which, of course, is merely 
representative of one shape in which my 
alloy can be worked or used. 
By the words “noble metals” in these 

specifications and claims I mean gold, silver, 
or platinum in accordance with the usual 
significance of these words. 
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While I have particularly referred to the 
binary alloys of palladium with other of 
the noble metals, it is to be understood that 
I do not confine myself to an alloy of two 
ingredients, but may employ other constitu 
ents in addition to those herein mentioned. 
It will also be understood that the herein de 
scribed method of overcoming nucleation is 
not limited to alloys of palladium with gold 
or silver, or even to alloys of one of these 
metals with some third metal, but may be 
extended to the treatment of binary or 
ternary alloys of wholly different composi 
tion wherein this phenomenon is present. 
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Also I do not confine my improved alloys to 
merely the uses herein specifically mentioned 
which are intended to be merely illustrative 
of the great field which exists therefor. 
By the term “palladium' as used herein. I 

mean the commercial material which con 
tains on the average about one-half of one 
per cent of platinum as an impurity and 
frequently other noble metals as gold, iridi 
um, and rhodium; this commercial pall 
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